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(54) Exhaust muffler 

(57) A cap-like valve body 37 is fitted on an outer 
circumference of an end portion of a communicating 
pipe 35 that provides a communication between a plu- 
rality of silencing chambers formed in a muffler main 
body. A compressed coil spring 39 is mounted between 
a flange 35b of the communicating pipe 35 and a flange 
37d of the valve body 37. Communication holes 38 are 



formed in a cylindrical portion 37a of the valve body 37. 
When the valve body 37 receives the pressure of the 
exhaust gases at a pressure receiving surface 37b and 
moves along the axial direction against the biasing force 
of the spring 39, the exhaust gases within the commu- 
nicating pipe 35 flow out of the communication holes 38 
to the outside of the valve body 37. 



FIG. 3 
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Description 

BACKGROUND OF THE TNVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an exhaust 
muffler for an engine, and more particularly to an ex- 
haust muffler in which a control valve for controlling the 
flow of exhaust gases is provided in a muffler main body, 
or on an exhaust gas discharge pipe. 

2. Description of the Related Art 

[0002] An exhaust muffler disclosed in JP-A- 
8-200039 is known as the exhaust muffler described 
above. 

[0003] Although the control valve of the aforesaid con- 
venlional exhaust mufrier is advantageous in that the 
flow resistance of exhaust gases can be set relatively 
l reely by varying the opening area of a valve body in 
response to change in the pressure of exhaust gases, 
the control valve has a problem in that the weight, size 
and production cost thereof increase are large due to 
the fact that the control valve includes a number of com- 
ponents such as a valve housing, a rotating shaft, a 
valve body, a rotationally biasing spring, an ax i ally bias- 
ing spring ; a case member for forming a spring chamber 
and a cover. 

SUMMARY OF THE INVENTION 

[0004] The invention was made in view of the afore- 
said situations, and an object thereof is to provide a con- 
trol valve for an exhaust muffler that includes as few 
components as possible so as to reduce the weight, size 
and production cost thereof. 

[0005] With a view to attaining the above and other 
objects, according to a first aspect of the invention, there 
is proposed an exhaust muffler comprising a muffler 
main body, an exhaust gas induction pipe for inducting 
exhaust gases into the muffler main body, an exhaust 
gas discharge pipe for discharging the exhaust gases 
within the muffler main body to the outside, and a control 
valve provided in the muffler main body or on the ex- 
haust gas discharge pipe for controlling the flow of the 
exhausL gases. The control valve is constituted by a first 
tubular body having an exhaust gas inlet opening, atone 
side thereof, through which exhaust gases flow in an ax- 
ial direction from the one side to a second, opposite, 
side of the first tubular body, a second tubular body 
adapted to axially moveably fit on or in the first tubular 
body and having a pressure receiving surface for receiv- 
ing the pressure of exhaust gases flowing thereinto from 
the exhaust gas inlet opening, wherein the pressure re- 
ceiving surface is located adjacent to the second end of 
the first tubular body and a spring disposed in an annu- 
lar gap formed between the two tubular bodies, at a por- 
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tion where the first tubular body fits on or in the second 
tubular body, for biasing the second tubular body to- 
wards the one end in the axial direction. When the sec- 
ond tubular body receives the pressure of the exhaust 

s gases so flowing thereinto at the pressure receiving sur- 
face and then moves towards the second end against 
the biasing force of the spring, the exhaust gases within 
the first tubular body flow out of communicating holes 
formed in an outer circumferential surface of the second 

10 tubular body to the outside of the second tubular body. 
[0006] According to the above construction, since the 
control valve can be constituted by only three member- 
s — such as the first tubular body, the second tubular 
body and the spring — the size, weight and production 

is cost of the control valve can be reduced. Additionally, 
since the first and second tubular bodies are disposed 
one inside the other coaxially, the axial dimension of the 
control valve can be reduced to thereby save and re- 
duce the space required for installation thereof. 

20 [0007] According to a second aspect of the invention, 
there is proposed an exhaust muffler as set forth in the 
first aspect, wherein the first tubular body is constituted 
by a communicating pipe for providing a communication 
between a plurality of silencing chambers formed by 

25 partitioning the interior of the muffler main body, or the 
exhaust gas discharge pipe. 

[0008] According to the above construction, since the 
communicating pipe for providing a communication be- 
tween the plurality of silencing chambers, orthe exhaust 
30 gas discharge pipe, is used as the first tubular body, the 
number of components can be reduced to thereby re- 
duce further the size, weight and production cost of the 
control valve. 

[0009] According to a third aspect of the invention, 

35 there is proposed an exhaust muffler as set forth in the 
first or second aspect, wherein the spring is constituted 
by a compression coil spring whose outside diameter is 
variable relative to an axial direction thereof, whereby 
the spring is adapted to come into contact with at least 

40 one of the first and second tubular bodies at an outer or 
inner circumferential portion thereof. 
[001 0] According to the above construction, since the 
spring is constituted by the compression coil spring 
whose outside diameter is variable relative to the axial 

45 direction thereof, whereby the spring is adapted to come 
into contact with at least one of the first and second tu- 
bular bodies at the outer or inner circumferential por- 
tions thereof, the resonance phenomenon of the spring 
can be prevented by virtue of a friction force acting on 

so the contact portion. 

[0011] Additionally, according to a fourth aspect of the 
invention, there is proposed an exhaust muffler as set 
forth in any of the first to third aspects of the invention, 
wherein as the amount of movement of the second tu- 

55 bular body towards the second end of the first tubular 
body increases, the opening areas of the communicat- 
ing holes in the second tubular body increase. 
[0012] According. to the above construction, since the 



2 



BNSDOCID: <EP_1 1 30226A2J_> 



3 



EP 1 130 226 A2 



4 



flow rate of the exhaust gases passing through the con- 
trol valve increases gradually, or in a stepped fashion : 
as the engine load increases, the target ratio between 
the exhaust gas noise silencing effect and the engine 
output reduction suppressing effect can be controlled 
gradually or in a stepped fashion from a lower engine- 
loaded state in which priority is given to the improvement 
in the exhaust gas noise silencing effect, to a higher en- 
gine-loaded state in which priority is given to the im- 
provement in the engine output reduction suppressing 
effect. Therefore, the ratio between the two effects can 
be automatically varied, as the driver expects, in re- 
sponse to a change in engine load, thereby making it 
possible to enhance the performance of the exhaust 
muffler. 

[0013] Note that: first, second and third silencing 
chambers 29 to 31 in the embodiments correspond to 
the silencing chambers of the invention; a second com- 
municating pipe 35 and a sub-exhaust gas discharge 
pipe 45 in-the embodiments correspond to the first tu- 
bular body of the invention; a valve body 37 in the em- 
bodiments corresponds to the second tubular body of 
the invention; and a coil spring 39 in the embodiments 
corresponds to the spring of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a diagram showing a state in which an au- 
tomotive exhaust muffler is mounted on an automo- 
tive vehicle; 

Fig. 2 is an enlarged sectional view taken along the 
line ll-ll of Fig. 1; 

Fig. 3 is a partialiy.enlarged view of a portion des- 
ignated by reference numeral IN shown in Fig. 2; 
Fig. 4 is a cross-sectional view taken along the line 
IV-IV of Fig. 3; 

Figs. 5A to 5C are diagrams showing an assembling 
process of a control valve; 

Fig. 6 is a longitudinal sectional view of a control 
valve according to a second embodiment of the in- 
vention; 

Fig. 7 is a diagram showing the characteristic of the 
control valve of the second embodiment; 
Fig. 8 is a longitudinal sectional view of a control 
valve according to a third embodiment of the inven- 
tion; 

Fig. 9 is a diagram showing the characteristic of the 
control vaive of the third embodiment; 
Fig. 10 is a longitudinal sectional view" of a control 
valve according to a fourth embodiment of the in- 
vention; 

Fig. 11 is a diagram showing the characteristic of 
the control valve of the fourth embodiment; 
Fig. 12 is a longitudinal sectional view of a control 
valve according to a fifth embodiment of the inven- 
tion; 



Fig. 13 is a longitudinal sectional view of a control 
valve according to a sixth embodiment of the inven- 
tion: 

Figs. 14A and 4B are diagrams showing an assem- 
5 biing process of the control valve according to the 

sixth embodiment; and 

Fig. 15 is a longitudinal sectional view, correspond- 
ing to Fig. 2 : of an exhaust muffler according to a 
seventh embodiment of the invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] The mode for carrying out trpe invention will be 

15 described below based on embodiments of the inven- 
tion as illustrated in the accompanying drawings: 
[0016] Figs. 1 to 5C show a first embodiment of the 
invention. As shown in Fig. 1, an exhaust muffler M of 
Lhe first embodiment is supported, via a pair of elastic 

20 members 13, 13. in suspension from a lower surface of 
a rear cross member 1 2 of a rear sub-frame 1 1 provided 
on a rear part of a body of an automotive vehicle. A front 
exhaust pipe 14, extending from the exhaust muffler M 
to the front, is connected to an engine via an exhaust 

25 gas purifying device (not shown), whereas a rear ex- 
haust pipe 1 5, extending from the exhaust muffler M to 
the rear, is communicated with the atmosphere. Note 
that this exhaust system is supported in suspension 
from the underside of the vehicle body via a plurality of 

30 other elastic members (not shown), in addition to the 
pair of elastic members 13, 13 which support the ex- 
haust muffler M in suspension. 

[0017] ' As shown in Fig. 2, the exhaust muffler M in- 
cludes a muffler main body 26 constituted by a shell 21 

35 and a pair of end plates 24, 25. The shell 21 has a sub- 
stantially oval cross section. The pair of end plates 24, 
25 is fixed to the shell 21 at crimped portions 22, 23 so 
as to close openings at left and right ends of the shell 
21 . The interior of the muffler main body 26 is partitioned 

40 into a first silencing chamber 29, a second silencing 
chamber 30, and a third silencing chamber 31, with a 
first baffle plate 27 and a second baffle plate 28. The 
first and second baffle plates 27 and 28 are fixed by 
press-fitting them to an internal surface of the shell 21 

45 at flanges 27a, 28a thereof which are formed by bending 
outer circumferential portions of the baffle plates 27 and 
28. 

[001 8] A downstream end portion of the front exhaust 
pipe 14, inserted into the interior of the muffler main 

50 body 26, constitutes an exhaust gas induction pipe 32, 
which passes through the second baffle plate 28 and 
the first baffle plate 27 so as to open in the first silencing 
chamber 29. A number of holes 32a • - • are punched 
out of a portion of the exhaust gas induction pipe 32, 

55 which portion faces the second silencing chamber 30, 
for communicating between the interior 'and exterior of 
the exhaust gas induction pipe 32. An upstream end por- 
tion of the rear exhaust pipe 15, inserted into the interior 
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of the muffler main body 26, constitutes an exhaust gas 
discharge pipe 33 that passes through the first baffle 
plate 27 and the second baffle plate 28 so as to open in 
the third silencing chamber 31 . A first communicating 
pipe 34, which passes through the second baffle plate 
28, has ends that are open to the second silencing 
chamber 30 and the third silencing chamber 31 . A sec- 
ond communicating pipe 35, which passes through the 
first baffle plate 27 and the second baffle plate 28, has 
ends that are open to the first silencing chamber 29 and 
the third silencing chamber 31 . Then , a control valve 36 
of the present embodiment is provided at an end portion 
of the second communicating pipe 35, which end portion 
opens to the third silencing chamber 31 . 
[0019] Consequently, a part of the exhaust gases, in- 
ducted from the front exhaust pipe 14 into the exhaust 
gas induction pipe 32 in the interior of the muffler main 
body 26, flows into the second silencing chamber 30 
through the punched-out holes 32a • - * formed in the 
exhaust gas induction pipe 32 and then flows into the 
third silencing chamber 31 via the first communicating 
pipe 34, whereas the remaining potion of the exhaust 
gases, inducted from the front exhaust pipe 14 into the 
exhaust gas induction pipe 32, flows from the first si- 
lencing chamber 29 to the third silencing chamber 31 
via the second communicating pipe 35 and the control 
valve 36. Then, the exhaust gases in the third silencing 
chamber 31 pass through the exhaust gas discharge 
pipe 33 to be discharged to the rear exhaust pipe 15 that 
extends outside the muffler main body 26. 
[0020] Next, the construction of the control valve 36 
will be described with reference to Figs. 3 and 4. 
[0021] The control valve 36 includes the end portion 
of the second communicating-pipe 35 that projects into 
the interior of the third silencing chamber 31 , and a valve 
body 37 which axially moveably fits on an outer circum- 
ference of the end portion of the second communicating 
pipe 35. The second communicating pipe 35 constitutes 
the first tubular body of the invention, and the valve body 
37 constitutes the second tubular body of the invention. 
The second communicating pipe 35 has an exhaust gas 
inlet opening 35a (refer to Fig. 2) at the one end portion 
that faces the first silencing chamber 29, and has a 
flange 35b that is bent outwardly at the other end portion 
thereof, which faces the third silencing chamber 31 . The 
valve body 37 includes a cylindrical portion 37a that cov- 
ers the outer circumference of the other end portion of 
the second communicating pipe 35. The valve body also 
includes a bottom wall 37c having a pressure receiving 
surface 37b that closes the open end of the second com- 
municating pipe 35. The cylindrical portion- 37a has a 
plurality of (eight, in this embodiment) communicating 
holes 38 • • • circumferentiaily spaced at regular intervals 
to communicate between the interior and exterior of the 
cylindrical portion 37a. A gap between an. outer circum- 
ferential surface of the flange 35b and an inner circum- 
ferential surface of the cylindrical portion 37a is set as 
small as possible so that there. is permitted no leakage 



of exhaust gases therefrom. 

[0022] A predetermined gap is formed between the 
outer circumferential surface of the second communi- 
cating pipe 35 and an inner circumferential surface of 

.5 the valve body 37. Ends of a coil spring 39, which is 
accommodated within this gap in a compressed state, 
are supported by the flange 35b and a plurality of (four, 
in this embodiment) flanges 37d - • • inwardly formed at 
an open end of the valve body 37. Therefore, the valve 

"to body 37 is biased in a rightward direction (a valve clos- 
ing direction) as viewed in Fig. 3 by virtue of the biasing 
force of the coil spring 39. An annular shock absorbing 
member 40 (for example, steel wool) is disposed be- 
tween the flange 35b and the pressure receiving surface 

15 37b of the bottom wall '37c of the valve body 37. The 
shock absorbing member 40 prevents striking noise 
from being generated due to contact between the flange 
35b and the valve body 37 when the control valve 36 is 
in a closed stale. 

20 [0023] The control valve 36 having the aforesaid con- 
struction may be constructed following a procedure il- 
lustrated in Figs. 5A to SC. Namely, the flange 35b is 
formed at the end portion of the second communicating 
pipe 35 in advance (refer to Fig. 5A). Next, with the 

25 shock absorbing member 40 being fixed in advance to 
the pressure receiving surface 37b of the valve body 37, 
before the four flanges 37d . • • have been crimped, the 
second communicating pipe 35 with the coil spring 39 
supported thereon is inserted into the valve body 37 

30 from the opening thereof (refer to Fig. 5B). Following 
this/with the flange 35b of the second communicating 
pipe 35 being pressed against the shock absorbing 
• member 40; : the coil spring 39 is compressed with four 
rod-like jigs 41 * • • inserted from gaps between the four 

35 flanges 37d • • • of the valve body 37 and : in this state, 
the four flanges 37d • • • of the valve body 37 are crimped 
inwardly. After that, the jigs 41 « ■ - are withdrawn from 
the gaps between the flanges 37d • • • for completion of 
the assembly of the valve body 36. The inserted state 

40 of the jigs 41 • — is also shown in solid lines in Fig. 4. 
[0024] Thus, in Fig. 2, in a lower engine-loaded state 
in which the pressure of exhaust gases is low, since the 
pressure of exhaust gases acting on the pressure re- 
ceiving surface 37b of the valve body 37 of the control 

45 valve 36 from the first silencing chamber 29 via the sec- 
ond communicating pipe 35 is small, the valve body 37 
is retained at a valve closing position shown by solid 
lines in Fig. 3 by virtue of the biasing force of the coil 
spring 39. When the valve body 37 is in the valve closing 

so position, communication between the first silencing 
chamber 29 and the third silencing chamber 31 by the 
second communicating pipe 35 is blocked off. As a re- 
sult, the exhaust gases from the front exhaust pipe 14 
are discharged to the rear exhaust pipe 15 via the 

55 punched-out holes 32a • • ■ in the exhaust gas induction 
pipe 32, the second silencing chamber 30, the first com- 
municating pipe 34, the third silencing chamber 31 and 
the exhaust gas discharge pipe 33. Thus, since the 
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valve body 37 is retained at the valve closing position 
when the engine is running with a lower load : the flow 
resistance of the exhaust gases within the exhaust muf- 
fler M increases, whereby the exhaust gas noise silenc- 
ing effect is enhanced, thereby making it possible to re- 
duce the exhaust gas noise from the engine. 
[0025] Then, when the engine operating state chang- 
es from the lower engine-loaded state to a higher en- 
gine-loaded state, since the pressure of exhaust gases 
acting on the pressure receiving surface 37b of the valve 
body 37 of the control valve 36 increases, the valve body 
37 moves in a leftward direction as viewed in Fig. 3 
against the spring-back force of the coil spring 39. When 
the communicating holes 38 • - - , formed in the cylindri- 
cal portion 37a, move beyond the position of the flange 
35b of the second communicating pipe 35, those com- 
municating holes 38 • • • open to the third silencing cham- 
ber 31 , whereby the first silencing chamber 29--and the 
third silencing chamber 31 are caused lo communicate 
with each other via the second communicating pipe 35. 
Additionally, since the amount of movement of the valve 
body 37, or the opening area of the control valve 36, 
increases as the pressure of exhaust gases increases, 
the flow resistance of the exhaust gases within the ex- 
haust muffler M is reduced when the engine is running 
with a higher load, thereby making it possible to mini- 
mize the reduction in engine output. 
[0026] Additionally, even when the valve body 37 of 
the control valve 36 is opened and/or closed, the direct 
collision of the flange 35b of the second communicating 
pipe 35 with the pressure receiving surface 37b of the 
valve body 37 is prevented by the provision of the shock 
absorbing member 40 on the pressure receiving surface 
37b of the valve body 37, whereby the generation of 
noise is prevented. This shock absorbing member 40 is 
not always needed and, therefore, the member 40 can 
be omitted. 

[0027] As has been described heretofore, since the 
control valve 36 can be constituted by only four compo- 
nents — such as the second communicating pipe 35, the 
valve body 37, the coil spring 39 and the shock absorb- 
ing member 40 — and, moreover, since the second com- 
municating pipe 35, which is originally intended to be 
used for communication between the first silencing 
chamber 29 and the third silencing chamber 31 , is used 
as part of the control valve 36, the size, weight and pro- 
duction cost of the control valve 36 can be reduced. In 
particular, since the valve body 37 is adapted to coaxi- 
ally fit on the outer circumference of the second com- 
municating pipe 35, the axial length of the control valve 
36 can be reduced to thereby save and reduce the 
space required for installation thereof. 
[0028] Moreover, since the flow rate of exhaust gases 
passing through the control valve 36 increases as the 
engine load increases, the target ratio between the ex- 
haust gas noise silencing effect and the engine power 
output reduction suppressing effect can be automatical- 
ly varied in response to a change in load of the engine, 



whereby the exhaust muffler M is allowed to exhibit its 
optimum performance in response to a change in load 
of the engine. 

[0029] Next, referring to Figs. 6 and 7, a second em- 
5 bodiment of the invention will be described below. 
[0030] The second embodiment is characterized by 
openings 38 • • • formed in the valve body 37 of the con- 
trol valve 36.. wherein the openings 38 ■ ■ • are circular 
holes disposed in the cylindrical portion 37a of the valve 
10 body 37 in such a manner as to follow a spiral path. 
[0031] According to this second embodiment, the 
opening area of the.control valve 36 is adapted to in- 
crease as the stroke of the valve body 37 increases. 
Moreover, a linearly proportional relationship continu- 
15 ously is maintained while the valve body 37 moves along 
the its stroke (refer to Fig. 7). 

[0032] Next, referring to Figs. 8 and 9, a third embod- 
iment of the invention will be described below. 
[0033] The third embodiment is characterized by 
20 openings 38 - ■ • formed in the valve body 37 of the con- 
trol valve 36, wherein the openings 38 • ■ • are similar to 
those used in the first embodiment (refer to Fig. 3), but 
they are now formed in two rows. 

[0034] According to this third embodiment, the open- 
25 ing area of the control valve 36 is adapted to increase 
in two stages as the valve body 37 moves along its 
stroke towards the valve's fully open position (refer to 
Fig. 9). 

[0035] Next, referring to Figs. 10 and 11, a fourth em- 

30 bodiment of the invention will be described below. 

[0036] This fourth embodiment is characterized by the 
construction of a valve body 37, wherein a cylindrical 
portion 37a "has an annular flange 37d at a right end 
thereof and is open as wide as its diameter at a left end 

35 thereof. Then, a flange 42a having a circular bottom 
plate 42 is fitted in the opening at the left end of the cy- 
lindrical portion 37a, the flange 42a being constituted by 
a separate member which constitutes part of the valve 
body 37. The flange 42a so fitted in the cylindrical por- 

40 tion 37a is then fixed thereto by, for example, spot weld- 
ing. A pressure receiving surface 42b is formed on a 
right side of the bottom plate 42 for receiving the pres- 
sure of exhaust gases. A coil spring 39 is disposed be- 
tween the flange 35b of the second communicating pipe 

45 35 and the flange 37d of the valve body 37 in a com- 
pressed state. A plurality of communicating holes 38 • - 
which are disposed circumferentially al regular inter- 
vals, are formed in two rows in the cylindrical portion 
37a of the valve body 37. Note that the bottom plate 42 

so can be spot welded in a state in which the flange 37d of 
the valve body 37 is pushed leftward so as to compress 
the coil spring 39. 

[0037] Since the communicating holes 38 • - - in the 
first row and the communicating holes 38 • • • in the sec- 
55 ond row are disposed in a zigzag fashion such that they 
slightly overlap each other in an axial direction of the 
control valve 36, as shown in Fig. 11 , the opening area 
of the control valve 36 increases linearly as the valve 
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body 37 moves along its stroke toward the valve's fully 
open position. The reason why the increase gradient of 
the opening area of the control valve is steeper than the 
characteristic of the second embodiment as shown in 
Fig. 7 is because the communicating holes 38 • • • of this 
embodiment are formed over a relatively narrow axial 
"extent, whereas the communicating holes 38 • • • of the 
second embodiment are formed over a relatively wide 
axial extent (refer to Fig. 6). 

[0038] According to the fourth embodiment, the same 
operation and effective as in the first embodiment can 
be attained and, moreover since the bottom plate 42 is 
constituted by the member separate from the cylindrical 
portion 37a of the valve body 37, the necessity of deep 
drawing the valve body 37 is obviated, this contributing 
to the reduction in production costs. 
[0039] Next, referring to Fig. 12, a fifth embodiment 
will be described below. 

[0040] In this fifth embodiment, an improvement is 
made to the coil spring 39 of the first embodiment. In 
other words, while the coil spring 39 of the first embod- 
iment is formed so as to have a constant diameter over 
its longitudinal length, a coil spring 39 according to the 
fifth embodiment is configured such that longitudinal 
ends of the coil spring 39 have a small diameter and are 
supported on the outer circumferential surface of the 
second communicating pipe 35, whereas a longitudinal- 
ly central portion of the coil spring 39 has a larger diam- 
eter and is supported on the inner circumferential sur- 
face of the cylindrical portion 37a of the valve body 37. 
Therefore, on the whole, the coil spring 39 has a barrel- 
like shape. 

[0041 ] According to the fifth embodiment, since the in- 
termediate portion of the coil spring 39 has the larger 
diameter and comes into contact with the inner circum- 
ferential surface of the cylindrical portion 37a of the 
valve body 37, when the valve body 37 reciprocates ax- 
ially relative to the second communicating pipe 35, there 
is generated a frictional force. This frictional force pre- 
vents vibration of the coil spring 39. Note that while the 
coil spring 39 is formed in this embodiment so as to have 
the smaller diameter at the ends thereof and to have the 
larger diameter at the intermediate portion thereof, such 
is merely exemplary. Of course, on the contrary, the coil 
spring may be formed such that it has a larger diameter 
at the ends thereof, and has a smaller diameter at the 
intermediate portion thereof. 

[0042] Next, referring to Figs. 13 to 14B, a sixth em- 
bodiment of the invention will be described below. 
[0043] Although the control valve 36 is adapted to fit 
on the outer circumferential surface of the end portion 
of the second communicating pipe 35 in the first to fifth 
embodiments, in the sixth embodiment a valve body 37 
is adapted to fit in an inner circumferential surface of the 
end portion of the second communicating pipe 35. Con- 
sequently, the annular flange 35b, at the left end of the 
second communicating pipe 35, is formed inwardly, 
whereas the annular flange 37d, at the right end of the 



valve body 37, is formed radially outwardly. The ends of 
the coil spring 39 are supported between these two 
flanges 35b ; 37d so that the spring is in a compressed 
state, whereby the valve body 37 is biased rightward by 
5 the coil spring 39 (that is, in a direction in which the valve 
body 37 enters the interior of the second communicating 
pipe 35). Thus, in order to regulate a limit of the right- 
ward movement of the valve body 37 so biased, an an- 
nular crimped portion 35c is formed by radially inwardly 
10 crimping the outer circumferential portion of the second 
communicating pipe 35. Also, a plurality of communicat- 
ing holes 38 • • • are formed in the cylindrical portion 37a 
of the valve body 37 in such a manner as to be disposed 
circumferentially at regular intervals. 
15 [0044] . In order to form the crimped portion 35c on the 
outer circumferential portion of the second communicat- 
ing pipe 35, as shown in Fig. 14A, the valve body 37 is 
inserted from the right-hand side into the second com- 
municating pipe 35 in which the coil spring 39 is set in 
20 advance . Then , as shown in Fig. 1 4B, with the coil spring 
39 being forced into the compressed state by pushing 
the valve body 37 leftward with a jig 43, the outer cir- 
cumferential surface of the second communicating pipe 
35 may be rolling crimped with a roller 44. 
25 [0045] According to this sixth embodiment, in a lower 
engine-loaded state in which the pressure of exhaust 
gases is low, since the pressure of exhaust gases acting 
on the pressure receiving surface 37b of the valve body 
37 of the control valve 36 is small, the valve body 37 is 
30 retained at a valve closing position-shown by solid lines 
in pjg. 13 — by virtue of the biasing force of the coil 
spring. Because the control valve 36 is closed, the flow 
resistance of the exhaust gases within the exhaust muf- 
fler M increases, whereby the exhaust gas noise silenc- 
35 ing effect is enhanced, thereby making it possible to re- 
duce the exhaust gas noise from the engine. Then, 
when the engine operating state changes to a higher 
engine-loaded state, since the pressure of exhaust gas- 
es acting on the pressure receiving surface 37b of the 
40 valve body 37 of the control valve 36 increases, the 
valve body 37 moves in a leftward direction — as 
viewed in Fig. 1 3 — against the spring-back force of the 
coil spring 39. When the communicating holes 38 ■ • • 
move beyond the position of the flange 35b of the sec- 
45 ond communicating pipe 35, the control valve 36.opens, 
whereby the first silencing chamber 29 and the third si- 
lencing chamber 31 are caused to communicate with 
each other via the second communicating pipe 35. Ad- 
ditionally, since the opening area of the control valve 36 
so increases as the pressure of exhaust gases increases, 
the flow resistance of the exhaust gases within the ex- 
haust muffler M is reduced when the engine is running 
with a higher load, thereby making it possible to mini- 
mize the reduction in engine output. 
55 [0046] Thus, the same operation and effective as in 
the first embodiment can be attained even by this sixth, 
embodiment. 

[0047] Next, referring to Fig. 15, a seventh embodi- 
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ment of the invention will be described below. 
[0048] Although the control valve 36 was provided on 
the downstream end of the second communicating pipe 
35 provided within the exhaust muffler M in the first to 
sixth embodiments, in this seventh embodiment the sec- 
ond communicating pipe 35 is not provided with the con- 
trol valve 36 but instead, a number of holes 35d are 
punched out in a portion of the second communicating 
* pipe 35, which portion faces the second silencing cham- 
ber 30. Then, a control valve 36 is provided at a down- 
stream end of a sub-exhaust gas discharge pipe 45 that 
passes through the first baffle plate 27 , the second baffle 
plate 28 and the rear end plate 25 to extend outwardly 
of the muffler main body 26. The construction of the con- 
trol valve 36 may be of any of the constructions de- 
scribed in the first to sixth embodiments. 
[0049] Even in this seventh embodiment, the control 
valve 36 is retained at the valve closing position in the 
lower engine-loaded state in which the pressure of ex- 
haust gases is low, whereby the exhaust gas noise si- 
lencing effect is enhanced to thereby reduce exhaust 
gas noise. On the other hand, in the higher engine-load- 
ed state in which the pressure of exhaust gases is high, 
the opening area of the control valve 36 increases in 
response to the pressure of exhaust gases from an ex- 
haust gas inlet opening 45a of the sub-exhaust gas dis- 
charge pipe 45, whereby the flow resistance of the ex- 
haust gases in the exhaust muffler M is reduced to there- 
by minimize the reduction in engine power output. 
[0050] Thus, while the embodiments of the invention 
have been described in detail heretofore, the design of 
the invention may be variously modified without depart- 
ing from the sprit of the invention. 
[0051] For example, while the second communicating 
pipe 35 and the sub-exhaust gas discharge pipe 45 are 
illustrated as the first tubular body in the above-de- 
scribed embodiments, the first aspect of the invention 
may involve mounting the control valve 36 on portions 
of the baffle plates where there exists no communicating 
pipe. 

[0052] Additionally, the shape, number, location and 
the like of the openings or communicating holes 38 • 
in the valve body 37 may be modified as required. 
[0053] Furthermore, while the coil spring 39 is used 
to bias the valve body 37 in the above-described em- 
bodiments, a spring in any other form may be used in- 
stead. 

[0054] Still further, although the front exhaust pipe 1 4 
and the exhaust gas induction pipe 32 are formed inte- 
grally in the embodiments, they may be constituted by 
separate members for connection. Similarly, while the 
rear exhaust pipe 15 and the exhaust gas discharge 
pipe 33 are formed integrally in the embodiments, they 
may be constituted by separate members for connec- 
tion. 

[0055] Moreover, the numbers of silencing chambers 
and communicating pipes may be modified as required. 
[0056] According to the first aspect of the invention, 



since the control valve can be constituted by only three 
members - such as the first tubular body, the second 
tubular body and the spring — the size, weight and pro- 
duction cost of the control valve can be reduced. Addi- 
• 5 tionaliy, si nee the first and second tubular bodies are dis- 
posed to radially overlap with each other, the axial di- 
mension of the control valve can be reduced to thereby 
save and reduce the space required for installation 
thereof. 

10 [0057] According to the second aspect of the inven- 
tion, since the communicating pipe for communicating 
between the plurality of silencing chambers : or the ex- 
haust gas discharge pipe, is used as the first tubular 
body, the number of components can be reduced to 

is thereby reduce further the size, weight and production 
.cost of the control valve. 

[0058] According to the third aspect of the invention, 
since the spring is constituted by a compression coil 
spring whose outside diameter is variable relative to the 

20 axial direction thereof, whereby the spring is adapted to 
come into contact with at least one of the first and sec- 
ond tubular bodies at the outer or inner circumferential 
portions thereof, the resonance phenomenon of the 
spring can be prevented by virtue of a friction force act- 

25 ing on the contact portion. 

[0059] According to the fourth aspect of the invention , 
since the flow rate of the exhaust gases passing through 
the control valve increases gradually, or in a stepped 
fashion, as the engine load increases, the target ratio 

30 between the exhaust gas noise silencing effect and the 
engine output reduction suppressing effect can be con- 
trolled gradually or in a stepped fashion from a lower 
engine-loaded state in which priority is given to the im- 
provement in the exhaust gas noise silencing effect, to 

35 a higher engine-loaded state in which priority is given to 
the improvement in the engine output reduction sup- 
pressing effect. Therefore, the ratio between the two ef- 
fects can be automatically varied, as the driver expects, 
in response to a change in engine load, thereby making 

40 it possible to enhance the performance of the exhaust 
muffler. 

[0060] A cap-like valve body 37 is fitted on an outer 
circumference of an end portion of a communicating 
pipe 35 that provides a communication between a plu- 

45 rality of silencing chambers formed in a muffler main 
body. A compressed coil spring 39 is mounted between 
a flange 35b of the communicating pipe 35 and a flange 
37d of the valve body 37. Communication holes 38 are 
formed in a cylindrical portion 37a of the valve body 37. 

50 When the valve body 37 receives the pressure of the 
exhaust gases at a pressure receiving surface 37b and 
moves along the axial direction against the biasing force 
of the spring 39, the exhaust gases within the commu- 
nicating pipe 35 flow out of the communication holes 38 

55 to the outside of the valve body 37. 
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An exhaust muffler, comprising: 



a muffler main body (26); 
an exhaust gas induction pipe (32) for inducting 
exhaust gases into said muffler main body (26); 
an exhaust gas discharge pipe (33, 45) for dis- 
charging the exhaust gases within said muffler 
main body (26) to the outside; and 
a control valve (36) provided within said muffler 
main body (26) or on said exhaust gas dis- 
charge pipe (33, 45), for controlling the flow of 
the exhaust gases, said control valve (36) com- 
prising: 

a first tubular body having an exhaust gas 
inlet opening (35a, 45a) , at one side there- 
of, through which exhaust gases flow in an 
axial direction from said one side toward a 
' second, opposite, side of said first tubular 
body; 

a second tubular body being fitted to said 
first tubular body to be movable in the axial 
direction and having a pressure receiving 
surface (37b, 42b) for receiving the pres- 
sure of exhaust gases flowing thereinto 
from said exhaust gas inlet opening (35a, 
45a), wherein said pressure receiving sur- 
f ace '(37b, 42b) is located at said second 
side of said first tubular body; and 
a spring (39) disposed in an annular gap 
formed between said first and second tu- 
. bular bodies, at a , portion where said first 
tubular body is fitted to said second tubular 
body, for axially biasing said second tubu- 
lar body towards said one side of said first 
tubular body, 

said second tubular body defining at least 
one communication hole (38) in a circum- 
ferential surface thereof so that the ex- 
haust gases within said first tubular body 
flow out of said at least one communicating 
hole (38) to the outside of said second tu- 
bular body, when said second tubular body 
receives the pressure of the exhaust gases 
at said pressure receiving surface (37b, 
42b) and axially moves towards the second 
side against the biasing force of said spring 
(39). 

The exhaust muffler according to claim 1 , wherein 
said first tubular body is constituted by one of a com- 
municating pipe (35) for communicating between a 
plurality of silencing chambers (29, 30, 31 ) formed 
by partitioning the interior of said muffler main body 
(26), and said exhaust gas discharge pipe (33, 45). 



10 4. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



The exhaust muffler according to claim 1 or 2, 
wherein said spring (39) is constituted by a com- 
pression coil spring whose outside diameter is var- 
iable relative to an axial direction thereof so that 
said spring (39) is brought into contact with at least 
one of said first and second tubular bodies in at least 
one of outer and inner circumferential portions 
thereof. 

The exhaust muffler according to any of claims 1 to 

3, wherein as the amount of axial movement of said 
second tubular body towards said second side in- 
creases, the opening area of said at least one com- 
municating hole (38) increases.. 

The exhaust muffler according to any of claims 1 to 

4, wherein said control valve (36) further comprises 
an annular shock absorbing member (40) disposed 
between said pressure receiving surface (37b, 42b) 
of said second tubular body and an end at said sec- 
ond side of said first tubular body. 
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FIG. 10 
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